Introduction
The Enoxil preparation, developed by the Institute of Chemistry of the Academy of Sciences of Moldova [1] , is a set of biologically active substances, obtained by extraction from grape seeds [2, 3] . The final product is a powder of yellow-brown color, soluble in water, which has high antioxidant properties as proved by voltammetric studies [4] . On the basis of biologically active complex Enoxil, new pharmaceuticals have been developedwith curative properties for the treatment of bacterial and fungal infections in the process of regeneration of thermal, physical and chemical burns, ulcers and for the treatment of postoperative wounds and post-radiation damage of cancer patients, as well as traumatic injuries of soft tissue and inflammation lesions of the children maxillofacial region [5] [6] [7] .
Further enhancementof the preparations of Enoxil group may be performed by immobilization on the surface of non-porous nanosilica [8] , allowed for use as food additives and fillers [9] . A comparative study of the antimicrobial action of chloramphenicol in free and immobilized states on the nanosilica A-300 surface shows that the effectiveness of the immobilized preparationis higher by almost 20% [10] . It has been suggested that the cause of this effect is the formation at the interfaces of silica nanoparticles with hydrophobic regions of the cell surface layers of water, enriched by little associated water (forming only few hydrogen bonds with its neighbors) [11] . Thereby, the penetration of adsorbed biologically active compounds on the silica surface into cellsis facilitated, increasing the bioavailability of preparations. A similar effect of the nanosilica action can be expected in the case of creation of nanocomposite systems with the water soluble Enoxil.
The aim of this work has been to study the hydration process of Enoxil and the structure of associated water layers in native and immobilized states on the surface of D r a f t 4 nanosilica A-300, as well the effects of the presence of hydrochloric acid, which is part of the gastric juice.
The most promising method of recording the parameters of the water layers in complex heterogeneous systems (including biological ones) is to compare the parameters of phase transitions, in particular, process of melting water or aqueous solutions. As a fundamental research method, the low-temperature 1 H NMR spectroscopy was chosen [12] [13] [14] [15] , bymeans of which according tothe change in intensity of the NMR signal during the process of sample melting, the amount of strongly and weakly bound water can be determined, while using Gibbs-Thomson equation [16, 17] , the distribution of the cluster radius of unfrozen water can be found. D r a f t 5 was determined by measuring the peak areas using the procedure of signal decomposition into its components, assuming a Gaussian waveform and optimizing the zero line and phase with an accuracy that for well-resolved signals does not fall below 5% and for overlapping signals of ± 10%. In order to prevent water super-cooling in the studied objects, measuring the concentration of non-freezing water was carried out by heating the samples, pre-cooled to a temperature of 210 K. The temperature dependences of the intensity of NMR signals were carried out in an automated cycle, when the holding time of samplesat a constant temperature was 9 minutes, and the measurement time was 1 minute.
As the main parameter that determines the structure of the hydrogen bond network of [12] .
The changes in the Gibbs free energy due to the effects of the limited space and the nature of the interface correspond to the process of freezing (melting) of bound water. The farther away the layer of water is from surface, the smaller differences are from the process in volume. At T = 273 K water freezes, the properties of which correspond to the bulk water, and with decreasing temperature (excluding the effect of hypothermia) the water layers, located closer to surface,freeze. For the free energy change of bound water (ice) the following relation is valid:
where the numerical coefficient is a parameter, associated with the temperature coefficient of change of Gibbs free energy for ice [18] . Determining by the magnitude of signal intensity the temperature dependence of the concentration of unfrozen water C uw (Т), in accordance with the procedure described in detail in [12] [13] [14] [15] , the quantities of strongly and weakly bound water and thermodynamic properties of these layers can be calculated.
Water interfacial energy at the interface with solid particles, or in aqueous solution was determined as the modulus of total lowering free energy of the water due to the presence of the phase boundary by the formula:
where max uw
The microphotography images of the Enoxil powder are shown in Fig.1 .
The initial preparation is a collection of crystal structures (Fig. 1a ) of irregular shape, with a broad particle size distribution (Fig. 1b, c) . By mechanical activation of Enoxil with silica, the color of composite becomes yellowish due to the uniform distribution of Enoxil on the silica surface. Meanwhile, some particles of Enoxil, easily distinguishable on the background of silica, are retained in the composite (Fig. 1d) . It is possible to establish the fact that the preparation is almost uniformly distributed over the surface of silica and crystal structures ( significantly increases, while the basic growth rate is observed when the sample is heated from 271 to 290 K. The sample weight moisture measurement method (heating to 380 K for 2 hours) shows that the residual moisture of the powder of Enoxil is 6 wt%. Therefore, the observed increase in signal intensity at full melting of the sample can be attributed to the residual water. Considering that the chemical shift of water is less than 2 ppm, it can be concluded that water in Enoxil is in weakly associated state [12] . Besides the water signal, the observed signals may be correspond to methyl and methylene groups of grape oil.
When placing the powder of Enoxil into a liquid hydrophobic environment (deuterated chloroform), the width of signals is significantly reduced due to the increase of homogeneity of the sample [19] (Fig. 2b ). In the spectra there are fixed two groups of signals: on the leftdifferent forms of weakly associated water (WAW), and on the right -methyl and methylene groups, mostly of grape oil. It should be noted that the composition of the solid Enoxil fraction includes sugar acids, phenolic compounds and other organic substances [2] . In the solid state they are not registered in the spectra due to the small transverse relaxation time of protons in these graphs [19] .
Because the Enoxil can be used orally, the study of the influence of HCl solution on the state of hydrate cover is of considerable interest. Fig. 2c shows the plotted spectra of Enoxil powder in CDCl 3 medium supplemented with 50 mg/g of 36% hydrochloric acid at differenttemperatures. Besides the signalsof WAW and grape oil, in the spectra an intensive signal of δ Н ≈ 8 ppm appears within the spectral region (Fig. 3) , the intensity of which decreases rapidly with decreasing temperature. In accordance with the data given in The concentrated solution of Enoxil, containing 500 mg/g water, in the spectra is observed as a relatively narrow signal for which,with decreasing temperature, the intensity decreases sharply, and the chemical shift increases from δ Н = 5 ppm at T = 290 K to δ Н = 7.5 ppm at T = 234 K ( Fig. 2d and Fig. 3 ). At the high sensitivity of the spectrometer on the 
D r a f t
At immobilization of Enoxil on the nanosilica A-300 surface (1:1 ratio) in the spectra of the sample, after addition of 100 mg/g of distilled water,there is a wide signal of unfreezing water, which intensity decreases with lowering temperature, and the chemical shift depending on the temperature is in range δ Н = 6.5-8.5 ppm (Fig. 3 and Fig. 4a) . For the composite sample containing 1000 mg/g of water (Fig. 4d ) the chemical shift value of unfrozen water significantly decreases and becomes close to the chemical shift of liquid water [12] .
The dependences of the concentration of non-frozen water (pure or part of the HCl solutions) on the temperature, for water adsorbed in the samples of Enoxil and its composite
(1:1) with nanosilicaA-300 are shown in Fig. 5a . On the basis of these relationships according to the expressions (1) and (2), the curves of Gibbs free energy change in the layer of bound water and the distribution of the radii of water clusters in the process of melting the samples ( Fig. 5b and 5c , respectively) have been calculated. The ability to use equations (1)- (3) D r a f t Table 1 shows the thermodynamic parameters of the layers of non-freezing water in the studied systems. Wherein, the tightly coupled (SBW) part is considered that one of unfrozen water, which freezes at T< 265 K (∆G < -0.5 kJ/mol) [12] . In the case of adsorption of Enoxil by 50 mg/g of hydrochloric acid, the bulk of water is in the weakly bound state, which is typical for low-concentration acid solutions. The ∆G s value determines the maximum decrease in the free energy in the bound water layer [12] . This decrease can be Distributions over the water cluster radius (domains) during the defrost of water suspensions (solutions) (Fig. 5c) show that in the studied systems poly-associates (clusters, there is a tendency to form clusters with a radius R = 2-4 nm.
Conclusions
The Enoxil preparation contains about 6 wt% of residual water, which predominantlyis in the weakly associatedstate, recorded in 1 Н NMR spectra as signals with a chemical shift δ Н = <2 ppm, well observed in the environment of a weakly polar solvent CDCl 3 .
Since Enoxil is suitable for oral use, its hydration in the presence of HCl, which is a part of the gastric juice, has been studied. It is established that the Enoxil preparation has antacid action, which manifests in the transformation of the HCl concentrated solution of in low-concentrated one on its surface. These properties are maintained as well in the composite system Enoxil/SiO 2 .
At adsorption of hydrochloric acid by the composite Enoxil/SiO 2, on its surface a system of clusters of varying concentration of acid solution is formed. 
